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Description

[0001] The present invention relates to an internal interleaver for turbo coding, referred to as a prime number inter-
leaver, which has been normalized in wideband DS-CDMA (W-CDMA) that has been standardized as one of radio
access networks (RAN) for a third-generation mobile communication system (IMT2000).

[0002] Wideband DS-CDMA (W-CDMA) has been standardized as one of radio access networks (RAN) for the third-
generation mobile communication system (IMT2000), and a turbo code internal interleaver, referred to as the "prime
number interleaver," has been normalized in the standard. Detailed description thereof is disclosed in "3rd Generation
Partnership Project; Technical Specification Group Radio Access Network; Multiplexing And Channel Coding (FDD)"
(Release 1999), 3GPP TS25. 213 V3.10.0 (2002-06), Section 4.2.3.2.3, Turbo Code Internal Interleaver, pp.16-19.
The following description is based on this document.

[0003] In an interleaver for the turbo code normalized in Standard 3GPP TS25.212 of IMT2000 (W-CDMA), intra-
row permutation pattern U[i][j], which is indispensable for encoding data to be transmitted, is defined as follows using
rli] which is defined later:

U[iI0] = s[@ * r{il) * mod(p-1)] = s[xi][]] (1)

where x[i][j] = (j * r[i]) * mod(p-1)
[0004] Herein, r[i] is defined as follows using inter-row permutation pattern T[i], and prime number sequence q[i]
which is defined later:

r[TLill = qfi] )

[0005] Prime number sequence q[i] is defined as follows using the number of rows R and prime number p of the
interleaver:

q[0] =1

where q]i] for i=1, 2, ..., R-1, is @ minimum prime number which satisfies

g. c. d(q[i], p-1)=1 and q[i]>6, and q[i]>q[i-1] (3)

where g. c. d(x,y) is the greatest common divisor of x and y.

[0006] Referring to Figs. 1 A and 1 B, values for prime number sequence q[i] are exemplified for each value of prime
number p when the number of rows R in the interleaver is equal to 20 (R=20).

[0007] As described above, intra-row permutation pattern U[i][j] is calculated using prime number p, base sequence
s[j], inter-row permutation pattern T[i], and prime number sequence q[i].

[0008] Inamobile telephone and the like in IMT2000, a data length is first calculated for data to be transmitted. Then,
prime number p, base sequence s[j], inter-row permutation pattern T[i], and prime number sequence q[i] are determined
based on the calculated data length (or the size of a matrix for storing the data to be transmitted). Then, intra-row
permutation pattern Ul[i][j] is calculated based on these values. Next, transmission data is encoded based on the cal-
culated intra-row permutation pattern U[i][j] and inter-row permutation pattern T[i], and the encoded transmission data
is transmitted to a mobile telephone network. Another mobile telephone which has received the encoded data, decodes
the received encoded data based on intra-row permutation pattern U[i][j] and inter-row permutation pattern T[i] which
have been calculated in a similar manner.

[0009] Prime number p, base sequence s[j], and prime number sequence q[i] can be uniquely determined from the
length of data to be transmitted (or the size of a matrix which stores the data to be transmitted). Prime number sequence
q[i] has been shown in Equation (3) and Figs. 1A, 1B. Also, the present applicant has already filed a method of efficiently
calculating base sequence s[j] (Japanese Patent Application No. 2003-298493). For inter-row permutation pattern T
[i], there are four fixed patterns, any one of which is selected.

[0010] As described above, intra-row permutation pattern U[i][j] is calculated using prime number p, base sequence
s[j], inter-row permutation pattern T[i], and prime number sequence q[i]. However, for simplifying the calculation, intra-
row permutation pattern UI[i][j] is typically calculated after y[i], defined as follows, is determined as an intermediate
value to calculate intra-row permutation pattern U[i][j]:
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y[il = wi][1] = q[i] * mod (p-1) “4)

where w[i][j] is defined as follows:

wlilli] = x[T[T0] = G * r{TL]) * mod(p-1) = (j * qi]) * mod(p-1)

[0011] In the following, description will be made of a method of calculating intra-row permutation pattern U[i][j] ac-
cording to the prior art, using a specific example.

[0012] First, prime number p, base sequence s[j], inter-row permutation pattern T[i], and prime number sequence q
[i] are determined from the data length of data to be transmitted. Assume for example that p, s[j], T[i], g[i] have been
determined as follows:

Setting Parameters

p=7

slij=[1, 3, 2, 6, 4, 5] (j=0-5)

T[i] = [4, 3, 2, 1, 0] (i=0-4) (R=5)
qlil =1, 7, 11, 13, 17] (i=0-4) (R=5)

[0013] First, intermediate value y[i] is calculated as follows based on Equation (4), p, q[i]. Fig. 2 shows a flow chart
of the procedure to find yf[i].

Calculation Process 1

y[0] = g[0] * mod (7-1) = 1 * mod6 = 1
y[1] = q[1] * mod (7-1) = 7 * mod6 = 1

y[2] = q[2] * mod (7-1) = 11 * mod6 = 5
y[3] = q[3] * mod (7-1) = 13 * mod6 = 1
y[4] = q[4] * mod (7-1) = 17 * mod6 = 5

[0014] Next, x[i][1] is calculated as follows based on y[i] calculated in Calculation Process 1, T[i], and Equations (4),

(5):

Calculation Process 2

ylil = wlil[1] = x[T[[1]

y[0] = w{O][1] = [T[ON[1] = x[4][1] = 1
y[11 = w1][1] = [T([1] = x[3][(1] = 1
y[2] = wi2][1] = [T[2]][1] = x[2][1] = 5
y[3] = w3][1] = [T[3]][1] = x[1][1] = 1
y[4] = wl4][1] = [T[4]][1] = x[0][1] = 5

Therefore, x[I][1]1=[5,1,5,1,1]1(1=0to 4) (R=5)
[0015] Next, x[i][j] is calculated based on x[i][1] calculated in Calculation Process 2 and prime number p with reference
to Equation (1), without performing a remainder calculation, as follows:

Calculation Process 3

x[0][0] = 0
x[0][1] = 5
x[0][2] = x[O][1] + x[O][1] - (p-1) =5+ 5-6 =4
x[0]3] = x[0][2] + x[O][1] - (p-1) =4 +5-6 =3
x[0][4] = x[0][3] + x[0][1] - (p-1) =3 +5-6=2
x[0][5] = x[0][4] + x[0][1] - (p-1) =2+5-6 =1

[0016] (Since each of x[0][1]+x[0][1], X[0][2]+x[O][1], x[O][3]+x[0][1], x[0][4]+x[0][1] is larger than p-1, p-1 is subtracted
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from the value.)

x[1][0] = 0
x[(1][1] =1
x[(1][2] = x(1(1] + (11 =1 +1=2
X[(1]3] = x[1][2] + x[1][1] =2+ 1 =3
x[11[4] = x[1][3] + x[1][1] =3+ 1 =4
x[11[5] = x[1][4] + x[1][1] =4 +1=5

[0017] (Since each of x[0][1]+x[0][1], x[0][2]+x[0][1], x[O][3]+x[0][1], x[O][4]+x[0][1] is smaller than p-1, the value is
output as is.)

x[2][0] =0
x[2][1] =5
x[2][2] = x[2][1] + x[2][1] - (p-1) =5 + 5 -
x[2][3] = x[2][2] + x[2][1] - (p-1) =4 + 5 -
x[2][4] = x[2][3] + x[2][1] - (p-1) =3 + 5 -
x[2][5] = x[2][4] + x[2][1] - (p-1) =2+ 5 -

(20N> RN e RNe))
T L [ I ||
=N W s

[0018] (Since each of x[0][1]+x[0][1], X[0][2]+x[0][1], x[O][3]+x[01[1], X[O][4]+x[0][1] is larger than p-1, p-1 is subtracted
from the value.)

x[3][0] = 0
x[3][1] =1
x[3][2] = x[3][1] + x[3][1] =1+ 1=2
x[3][3] = x[3][2] + x[3][1] =2+ 1=3
X[3][4] = x[3][3] + x[3][1] =3 + 1 =4
X[3][5] = x[3][4] + x[3][1] =4 +1=5

[0019] (Since each of x[0][1]+x[0][1], x[0][2]+x[0][1], x[O][3]+x[0][1], x[O][4]+x[0][1] is smaller than p-1, the value is
output as is.)

x[4][0] =0
x[4][1] =5
x[4][2] = x[4][1] + x[4][1] - (p-1) =5 + 5 -
x[4][3] = x[4][2] + x[4][1] - (p-1) =4 + 5 -
x[4][4] = x[4][3] + x[4][1] - (p-1) =3 + 5 -
x[4][5] = x[4][4] + x[4][1] - (p-1) =2+ 5 -

(23N> RNe>)INe)]
o unu

=N W s

[0020] (Since each of x[0][1]+x[0][1], x[0][2]+x[0][1], x[O][3]+x[0][1], x[O][4]+x[0][1] is larger than p-1, p-1 is subtracted
from the value.)
[0021] Finally, U[i][j] is calculated based on x[il[j], s[i], and Equation (1).

Calculation Process 4

U[0][0] = s[x[O][0]] = s[0] = 1
UI0][1] = s[x[O][1]] = s[5] = 5
U[0][2] = s[x[0][2]] = s[4] = 4
U[0][3] = s[x[O][3]] = s[3] = 6
U[0][4] = s[x[O][4]] = s[2] = 2
U[0][5] = s[x[O][5]] = s[1] = 3
U[1][0] = s[x[1][0]] = s[0] = 1
Ul = six(1101] = s[1] = 3
U1][2] = s[x[1][2]] = s[2] = 2
U[1][3] = s[x[1][3]] = s[3] = 6
U[1][4] = s[x[1][4]] = s[4] = 4
UL1][5] = s[x[1][5]] = s[5] = 5
U[2][0] = s[x[2][0]] = s[0] = 1
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U[2][1] = s[x[2][1]] = s[5] = 5
U2][2] = s[x[2][2]] = s[4] = 4
U[2][3] = s[x[2][3]] = s[3] = 6
U[2][4] = s[x[2][4]] = s[2] = 2
U[2][5] = s[x[2][5]] = s[1] = 3
U[3][0] = s[x[3][0]] = s[0] = 1
UE3][1] = s[x[3][1]] = s[1] = 3
U[3][2] = s[x[3][2]] = s[2] = 2
U[3][3] = s[x[3][3]] = s[3] = 6
U[3][4] = s[x[3][4]] = s[4] = 4
U[3][5] = s[x[3][5]] = s[5] = 5
U[4][0] = s[x[4][0]] = s[0] = 1
U[4][1] = s[x[4][1]] = s[5] = 5
U[4][2] = s[x[4][2]] = s[4] = 4
U[4][3] = s[x[4][3]] = s[3] = 6
U[4][4] = s[x[4][4]] = s[2] = 2
U[4][5] = s[x[4][5]] = s[1] = 3

[0022] In processors used in mobile telephones and the like, limitations in their circuit size often force them to perform
the remainder calculations digit by digit. When a processor has a data width of 16 bits, 16 clocks are required for the
calculation of each row of y[i] (step 43 in Fig. 2) in Calculation Process 1. Further, assuming that two clocks are required
for a conditional branch (step 45) in Fig. 2, and one clock is required for other processing (step 44) in Fig. 2, 19 clocks
are required for each execution of step 43 to step 45 in Fig. 2. As a result, Calculation Process 1 requires a total of 19
* R clocks (since the maximum value of R is 20, 380 clocks are required at maximum).

SUMMARY OF THE INVENTION

[0023] Itis an object of the present invention to significantly reduce the number of clocks required to calculate y[i] in
Calculation Process 1 to save the processing time of Calculation Process 1.

[0024] To achieve the above object, the present invention relies only on addition and subtraction, instead of a re-
mainder calculation, in calculating y[i] in Calculation Process 1. Specifically, the following calculations are made.
[0025] Ascanbeenseenfrom Figs. 1A, 1 B, qi+1]-q[il<p-1 stands for all prime numbers p, so that when z][i] is defined
as follows:

z[i] = floor (q[i]/(p-1) (6)

where floor (q[il/(p-1)) is the quotient of q[i]/(p-1)
the following inequalities are established:

z[i] = (p-1) < qlil < (@] + 1) = (q-1) z[i] * (p-1) < qli] <[i+ 1] <q[]+p-T1<(]+2)*(p-1) )

Thus, z[i] is represented by:
z[0]=0;

z[i]=z[i-1] when q[i]<z[i-1]+p-1; and
z[i]=z[i-1]+p-1 when q[i]>z[i-1]+p-1,

where i=1, ..., R-1 (8)

This is sequentially calculated from i=1, thereby deriving z[i] only with addition and subtraction, without the need for a
remainder calculation. Then, the following calculation is carried out to thereby obtain y[i] only with addition and sub-
traction, without remainder calculation:

ylil = qfil-2[i] ©)



10

15

20

25

30

35

40

45

50

55

EP 1 569 374 A2

[0026] As described above, the present invention makes it possible to reduce the operating time of a processor
because of no need of the remainder calculation, which requires a large number of clocks to calculate y[i]. The reduction
in the operating time of the processor can lead to saving power consumed by the processor. Further, the elimination
of the remainder calculator in turn allows the circuit size of the apparatus to be reduced, as compared with an apparatus
which includes the remainder calculator. The reduction in the circuit scale of the apparatus can in turn contribute to a
reduction in the power consumed by the apparatus.

[0027] The above and other objects, features and advantages of the present invention will become apparent from
the following description with reference to the accompanying drawings which illustrate examples of the present inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028]

Figs. 1A, 1 B are tables exemplifying values of prime number sequence p[i] for each value of prime number p when
an interleaver has the number of rows R equal to 20 (R=20);

Fig. 2 is a flow chart illustrating a procedure for calculating y[i] according to the prior art;

Fig. 3 is a block diagram illustrating the configuration of one embodiment of the present invention;

Fig. 4 is a flow chart illustrating a procedure for calculating y[i] according to the present invention; and

Fig. 5 is a diagram illustrating an exemplary implementation of an interleave parameter processing apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0029] While a method of calculating y[i] according to the present invention is performed as described in SUMMARY
OF THE INVENTION, the following description will be made using a specific example.

[0030] Again, set parameters used herein are the same as those used in Description of the Related Art. The calcu-
lation of y[i] corresponding to Calculation Process 1 in Description of the Related Art is made based on the set param-
eters, Equation (8), and Equation (9).

[0031] First, Z[i] is calculated based on Equation (8), prime number sequence q[i], and prime number p.

Calculation of Z]i]

z[0]=0

Since 7=q[1]>z[0]+p-1=6, z[1]=z[0]+p-1 =6
Since 11=q[2]<z[1]+p-1=12, z[2]=z[1] = 6
Since 13=q[3]>z[2]+p-1=12, z[3]=z[2]+p-1=12
Since 17=q[4]<z[3]+p-1=18, z[4]=2[3] =12

[0032] Next, y[i] is calculated based on z[i] and q[i] determined during the calculation of z[i], and Equation (9):

Calculation of y[i]

y[0] =q[0] -z[0]=1-0=1
y[1I=4q[1]-2[1]=7-6=1
y[21=q[2]-z[2]=11-6=5
y[31=q[3]-z[3]=13-12=1
y[4] = q[4] - z[4] =17 -12=5

[0033] The calculated result matches the result derived by Calculation Process 1 in Description of the Related Art.
[0034] Subsequently, UJi][j] is determined by performing completely the same calculations in Calculation Process 2
to Calculation Process 4 in Description of the Related Art. No remainder calculation is included in Calculation Process
2 to Calculation Process 4.

[0035] In the following, a detailed description will be made of an interleave parameter processing apparatus which
employs the foregoing method of calculating y[i].

[0036] Referring to Fig. 3, there is illustrated a configuration of the interleave parameter processing apparatus ac-
cording to an embodiment of the present invention. Interleave parameter processing apparatus 1 comprises processor
11, q[i] memory 12, and [i] memory 14. Interleave parameter processing apparatus 1 and interleaver 2 may be mounted
in a mobile telephone and the like.

[0037] Interleave parameter processing apparatus 1 receives data to be transmitted, and determines the data length
of the data. Processor 11 calculates prime number p, s[j], T[i], q[i], then intermediate value y][i], and U[i][j] from the
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determined data length. Processor 11 stores calculated q[i] and y([i] in q[i] memory 12 and y[i] memory 14, respectively.
Then, interleave parameter processing apparatus 1 outputs UJi][j] and T[i] to interleaver 2.

[0038] Interleaver 2 receives data to be transmitted, encodes the data based on U[i][j] and T[i] received from interleave
parameter processing apparatus 1, and outputs the encoded data.

[0039] Referring to Fig. 4, there is illustrated a flow chart which represents a routine for calculating y[i] among cal-
culations performed by processor 11 according to the present invention, described above.

[0040] At step 32, processor 11 initializes index i and variable div to zero, variable div corresponding to z[i]. At step
33, processor 11 makes a determination corresponding to Equation (8). When q[i]>div+p-1, p-1 is added to the value
of div at step 34. When q[i]<div+p-1, the routine proceeds to step 35 without further processing. At step 35, processor
11 calculates y[i] from y[i]=q[i]-div. At step 36, processor 11 increments i, and iterates the processing from step 33 to
step 36 until i equals to R at step 37.

[0041] Here, since a conditional branch (steps 33, 37) takes two clocks, and other processing (steps 34, 35, 36)
takes one clock, seven clocks are required for each iteration from step 33 to step 37. As discussed in Description of
the Related Art, the prior art method requires 19 clocks for each iteration, the reduction of 12 clocks of the processing
is achieved. Since R has the maximum value of 20, up to 240 clocks of the processing can be reduced.

[0042] Referring to Fig. 5, there is illustrated an exemplary implementation of interleave parameter processing ap-
paratus 1.

[0043] Memory 12 stores values of q[i]. Constant block 72 has the value of -(p-1). Register 73 has the value of -div.
Register 74 generates a memory address. Memory 14 stores values of y[i]. Selector 76 selects the value of address i
in memory 12. Selector 77 selects an output in accordance with the value of q[i]-div or q[i]-(div+p-1). Selector 78 selects
an output in accordance with the value of -(div+p-1) or -div. Selector 79 selects a location in memory 14 in which data
is to be stored.

[0044] Next, a description will be made of the operation of interleave parameter processing apparatus 1 in this ex-
emplary implementation. Initially, counter 74 and register 73 hold therein zero as the value of i and div, respectively.
Selector 76 selects data q[i] at address i in memory 12. q[i]-(div+p-1) is calculated with value -div in register 73 and
value -(p-1) in constant block 72. When q[i]-(div+p-1)<0, selectors 77, 78 select q[i]-div, -div, respectively, and otherwise
select q[i]-(div+p-1), -(div+p-1), respectively. The value selected by selector 77 is stored in memory 14 at address i,
while the value selected by selector 78 is stored in register 73. The foregoing processing is repeated until value i in
counter 74 equals to R-1. With the above processing, y[i] is generated in memory 14.

[0045] Other than an implementation by dedicated hardware, interleave parameter processing apparatus 1 may be
implemented by recording a program for embodying its functions on a computer readable recording medium, and
loading the program recorded on the recording medium into a computer which should act as interleave parameter
processing apparatus 1 so that the computer executes the program. The computer readable recording medium refers
to a recording medium such as a flexible disk, a magneto-optical disk, a CD-ROM and the like, and a storage device
such as a hard disk drive contained in a computer system, and the like. Further, the computer readable recording
medium also includes one which dynamically holds a program for a short period of time. (a transmission medium or a
transmission wave) as is the case with the transmission of a program through the Internet, and one which holds a
program for a certain period of time, such as a volatile memory within a computer system.

[0046] While preferred embodiments of the present invention have been described using specific terms, such de-
scription is for illustrative purposes only, and it is to be understood that changes and variations may be made without
departing from the spirit or scope of the following claims.

Claims

1. In an interleave parameter processing apparatus configured to supply an interleaver for a turbo code defined by
3GPP TS25.212 which is a standard of IMT2000 with an intra-row permutation pattern U[i][j] and an inter-row
permutation pattern T[i] required by said interleaver for encoding data to be transmitted, an interleave parameter
processing method for calculating y[i]=q[i]xmod(p-1) which should be determined as an intermediate value in a
process in which said interleave parameter processing apparatus calculates the intra-row permutation pattern U
[i][i]] based on the inter-row permutation pattern T[i], a prime number p, a base sequence s[j], and a prime number
sequence q]i] determined from the length of the transmission data, said method comprising the steps of:

a) initializing an index i and a variable div to zero;

b) adding p-1 to the value of div and storing the resulting value when q[il>div+p-1, and storing the value of div
as is when q[i]<div+p-1;

c) calculating y[i] in accordance with y[i]=q[i]-div based on the value of div stored at step b); and

d) incrementing i until i equals to the number R of rows of said interleaver to repeat step b) and step c) to
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calculate y[i] for all i.

An interleave parameter processing apparatus for supplying an intra-row permutation pattern U[i][j] and an inter-
row permutation pattern T[i] to an interleaver for a turbo code defined by 3GPP TS25.212 which is a standard of
IMT2000, said interleave parameter processing apparatus configured to calculate y[i]=q[i]Jxmod(p-1) which should
be determinedas an intermediate value in a process of calculating the intra-row permutation pattern U[i][j] based
on the inter-row permutation pattern T[i], a prime number p, a base sequence s[j], and a prime number sequence
q[i] found from the length of the transmission data, said apparatus comprising:

means for initializing an index i and a variable div to zero;

means for adding p-1 to the value of div and storing the resulting value when q[ij>div+p-1, and storing the
value of div as is when q[i]<div+p-1;

means for calculating y[i] from y[i]=q[i]-div based on the value of div stored by said adding means; and
means for incrementing i until i equals to the number R of rows of said interleaver, and causing said adding
means and said calculating means to repeat the associated processing to calculate y[i] for all i.

A mobile telephone comprising the interleave parameter processing apparatus according to claim 2.

In an interleave parameter processing apparatus configured to supply an interleaver for a turbo code defined by
3GPP TS25.212 which is a standard of IMT2000 with an intra-row permutation pattern U[i][j] and an inter-row
permutation pattern TI[i] required by said interleaver for encoding data to be transmitted, a computer program for
enabling a computer to calculate y[i]=q[ilxmod(p-1) which should be determined as an intermediate value in a
process in which said interleave parameter processing apparatus calculates the intra-row permutation pattern U
[i][i]] based on the inter-row permutation pattern T[i], a prime number p, a base sequence s[j], and a prime number
sequence q]i] determined from the length of the transmission data, said program comprising:

a first set of instructions for initializing an index i and a variable div to zero;

a second set of instructions for adding p-1 to the value of div and storing the resulting value when q[iJ>div+p-
1, and storing the value of div as is when q[i]<div+p-1;

a third set of instructions for calculating y[i] in accordance with y[i]=q[i]-div based on the value of div stored at
step b); and

a fourth set of instructions for incrementing i until i equals to the number R of rows of said interleaver to repeat
the executions of said secound and third set of instructions to calculate y[i] for all i.
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Fig. 3
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Fig. 4
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